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ABSTRACT
This study examined the toxicity potential of total suspended particulate in the airshed of a haulage
vehicle park located in a major highway connecting Lagos, the commercial centre of Nigeria to its
other parts. It has an approximate area of 0.6 km2.  Ambient air total suspended particulates (TSP)
were monitored at five different sub- parks using the GT331 particulate monitor. A control sampling
point was also set at about a kilometer southward of the sub-parks. The average measured
particulate concentrations within the park ranged between 197.07 and 653.28 µg m-3 with an
average of 334.5 µg m-3 but at the control point, it was between 18.5 and 46.6 µg m-3 with an
average of 36.23 µg m-3. An assessment of toxicity potential of these particulates shows unhealthy
air conditions at the haulage park. It was between 0.58 and 6.00 at the park’s sampling points but
ranged between 0.11 and 0.33 at the control location. This study establishes that haulage vehicles
may contribute significantly to its host airshed degraded air quality thus calls for appropriate
regulatory measure to protect commuters plying the major highway around the park.
KEYWORDS: Total suspended particulate, haulage Vehicle Park, toxicity potential, and diesel.
INTRODUCTION
The collapse of rail transportation over the years in Nigeria has made the use of diesel engine
powered haulage vehicles a necessity for movement of heavy goods within the country. A
consequence of this is the emergence of several haulage vehicle parks along its major highways.
One of such parks is located at Ogere in Ogun State (Plate 1) along the highly busy Lagos – Ibadan
inter-city express way which is about 50 km from Lagos, the commercial capital of Nigeria. Lagos
has several industrial estates and it is even presently proposing four additional new ones. Due to the
production levels of the process and chemical industries operating in these industrial estates, there
is a need for continuous supply of raw materials and evacuation of finished products, thus calling for
haulage vehicles. However, the shortage of land is preventing these industries from having
designated vehicle parks around their immediate environment in Lagos and this has necessitated
their location outside the city. From Lagos traffic regulation, vehicles are not allowed to be parked on
the roadside and the emergence of this haulage park could be as a result of continuous eviction of
haulage vehicles off the Lagos roadsides. The number of haulage vehicles count at this park
(Ogere’s park) is approximately about 1000 trailers per day. All these heavy duty vehicles run on
diesel fuel. Though, diesel engines are attractive in terms of performance, they are still one of the
major sources of particulate emissions especially in urban areas (Collings and Graskow, 2000; Xing
et al., 2012).
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Plate 1. Typical Scene in the Environs of the Studied Haulage Park, Ogere, Nigeria
Particulate matter (PM) emissions from energy production systems have been of concern due to
their impacts on human health and the environment (Fridell et al., 2008; Ramanathan and
Carmichael, 2008). The health hazards of diesel particulate matters (DPM) are well known and a
concentration of about 200 µg m-3 at short exposure period of 2 hrs can lead to airway inflammatory
response (Nigthtingale et al., 2000; Behndig et al., 2006). Most of the DPM consists of elemental
carbon core of 0.01- 0.08 µm in diameter (Gan et al., 2010). As a result of these health concerns,
several authorities have set exposure standards or guidelines for DPM. In 1995, the American
Conference of Governmental Industrial Hygienists (ACGIH) proposed an 8-hr Threshold Limit Value
(8-hr TLV) of 0.15 mg m-3 which was reduced to 0.05 mg m-3 in 1998. The German occupational
exposure limit set by the Bundesministerum fur Arbiet (BMA) is 0.1 mg m-3 (based on elemental
carbon content) while the US Mine and Safety Health Administration  (MSHA) has set a target
exposure limit (8-hr TLV) of 0.16 mg m-3 (based on total carbon). Other sources of particulate in
haulage vehicle park include dust re-suspension (Thorpe, 2007), tyre wears (Warner, 2002; Andreas
et al., 2006) and brake wears (Hulskotte, et al., 2007) due to vehicle movements in and out of such
park.
The studies on toxicity potential of DPM have predicated upon growing human health concern about
PM inhalation (Pope, 2000; Oberdorster and Utell, 2002; Nel, 2005; Abbas et al., 2007; Otto et al.,
2007; Sacks et al., 2010). Particulate matter whether by intrinsic or extrinsic toxicities have been
known to pose severe health hazards due to the hypothetical mechanism of the adverse effects of
particulate through metal-generated free radicals (Guinée and Heijungs, 1993; Gilmour, 1996; Lu et
al., 2008). Owoade et al. (2009) reported that the calculated toxicity potential value that exceeds
unity using the threshold limits is worrisome.
Quite a number of traffic pollution studies have been carried out in Nigeria. However, most of these
studies have focused on intra-city roads where different vehicle types are always on the move. In
this study, total suspended particulate loading in the airshed of an unregulated haulage vehicle park
at Ogere, Ogun State, Nigeria was monitored. Due to human activities at the study site it was
considered needful to evaluate the toxicity potential of particulate at the various sections of the
studied region.
MEASUREMENT METHOD AND TOXICITY POTENTIAL CALCULATION
Study area description.
The study area was the haulage vehicle park located in Ogere, Ogun State, Nigeria. Its geographical
coordinates are 6 ̊ 56 ̍ 0 ̎ North and 3 ̊ 38 ̍ 0 ̎ East. The park is between kilometers 56 and 59 from
Lagos along Lagos-Ibadan express way in Nigeria which is a dual carriage way with a dimension of
3 x 0.2 km. However the studied area starts on kilometer 57 covering five different locations while
the control point was located on kilometer 55 from Lagos (Figure1). This control point was chosen to
allow for comparison with an airshed along the same dual carriage way but outside the influence of
the haulage vehicles activities as obtained in the park. The presence of this park has boosted
commercial activity in the area and this has resulted in its high population density. The average
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number of vehicles (mostly diesel fueled haulage vehicles) within the park is usually about 1000
count/day excluding those plying the highway.
Sampling point S1 is on kilometer 57 and in between the two lanes of the highway to capture the
contribution of vehicles passing through the park but coming from or going to Lagos. This point is
directly exposed to vehicular movement. Sampling Point S2, defined as the midpoint of the study
region is in front of a filling station at kilometer 57.5 from Lagos. Sampling Point S3 is at the end of
the region on kilometer 58. Commercial and domestic activities at this point are relatively less
compare to the other points. Sampling Point S4 is at another oil filling station at kilometer 57 which is
within the trailer park and a motel situated within the study area, sampling was done at the left side
of the filling station. Sampling Point S5 is in a sub-park within the park and also at kilometer 57. This
park is one of the sub-parks for trucks in the study area. The control point was chosen as earlier
indicated and it is located about a kilometer to the park just off the highway around kilometer 55 to
Lagos (Figure 1).
Figure 1. The Studied Area in Ogere, Ogun State, Nigeria (Google map)
Sampling for TSP
Total suspended particulates were measured at five different locations designated within the park
and at the control point. The Met-One air particulate mass monitor (Model GT-331) was used to
measure the ambient TSP concentration both at the park and at the control site during the study.
The device is a handheld, battery operated and completely portable unit measuring five ranges of
particulates: PM1, PM2.5, PM7, PM10 and TSP with a concentration range of 0 – 1 mg m-3 (andresolution of 0.1 µg m-3). The monitor employs light scattering principle to size individual particles
that passes through the laser optical system (no correction factor is required). Information from the
manufacturer indicates that during factory calibration of the GT-331 monitor, its mass concentration
reading has been checked against a Beta Attenuation Monitor (BAM) which is a reference standard
method of measuring mass concentration – thus no correction of the output concentrations is
needed (Met One Instruments, 2001). Its LCD display allows a real time viewing TSP. The sampler
has a sampling cycle of 5 minutes. During the 8-hrs sampling period at the designated point, the
particulate monitor was positioned at a sufficient height above the ground level to prevent
measurement of fugitive dust mobilized by tides. With the exception of the control site the visible
sources of pollutants were the haulage vehicles at the various sampling points. Measurement was
carried out at each sampling location for 3 different days consecutively. The 24-hr averaging period
extrapolated concentrations of the measured TSP were computed using an atmospheric stability
formula (Bashar et al., 2009) given in Equation (1)  as:C = C X F (1)
where C0 = the concentration at the averaging period t0C1 = the concentration at the averaging period t1
F   = factor to convert from the averaging period t1 to the averaging period to =
n = 0.28, the stability dependent exponent
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Toxicity Potential
Toxicity potential, expressed as the ratio of measured ambient PM concentration to the statutory limit
of ambient concentration (Sonibare et al., 2005) is useful in assessing the deleterious effects of the
haulage park emissions on human health. It was computed using Eqn (2) taking into consideration
the ambient air quality standards of TSP by the Federal Ministry of Environment (FMENV), World
Bank (WB) and that of the World Health Organization (WHO) as reported in FEPA (1991) World
Bank (1998) and WHO (1979) respectively.
Toxicity Potential = MS (2)
where: MTSP is the measured TSP and STSP is the statutory limit set for TSP.
RESULTS AND DISCUSSION
Summarized in Table 1 are the 8-hr averaging period measured TSP concentrations at the various
sampling points. The concentrations ranged between 197.07 and 653.28 μg m-3 with an average of
334.52 μg m-3 but at the control location it was 36.23 μg m-3. When extrapolated to 24-hr averaging
period concentrations (Table 2), the measured TSP became 145.53 - 480.29 μg m-3 with an average
of 245.94 μg m-3 while at the control it was 26.64 μg m-3. The mean minimum and maximum TSP
concentrations were at S4 (within a sub-park on kilometer 57) and S1 (in between the dual carriage
way also on kilometer 57) respectively which could be attributed to the nature of activities associated
with these sampling locations.
Table 1. Measured Total Suspended Particulates during the Study
Sampling
Location
Day 1
(μg m-3)
Day 2
(μg m-3)
Day 3
(μg m-3)
Average
(μg m-3)
S1 696.47 509.76 753.61 653.28
S2 298.52 515.78 370.1 394.8
S3 279.77 200.66 208.07 229.5
S4 168.85 251.42 170.94 197.07
S5 242.77 179.26 171.82 197.95
Cp 18.5 43.6 46.6 36.23
Table 2. Extrapolated 24-hr Averaging Period Particulates from the Measured Levels
Sampling
Location
Day 1
(μg m-3)
Day 2
(μg m-3)
Day 3
(μg m-3)
Average
(μg m-3)
S1 512.05 374.78 554.05 480.29
S2 219.47 379.20 272.10 290.26
S3 205.69 147.53 152.97 168.73
S4 124.14 184.84 125.68 144.89
S5 178.48 131.79 126.32 145.53
Cp 13.60 32.05 34.26 26.64
In S4 where the mean minimum particulate was recorded, the minimum daily 8-hour monitored
concentrations for day 1 and day 3 were also from there and these could be attributed to lesser
haulage vehicle activities compared to the other locations. In this S4, the major activities include
vehicle movement in and out of the park, engine idling, and cold start. All these activities are from
the vehicles moving in or out of the park only and those in its occupation pending when there will be
invitation from their process and chemical industries to move especially for loading or offloading in
Lagos. While DPM is always from the haulage vehicles engines operations within the Park during
movement in and out, engine idling and cold start, particulate re-suspension and particulates from
break and tyre wears are additional sources from vehicle movement. However in S1 located on the
median of the dual carriageway, there are higher traffic volumes when compared to S4 due to the
importance of the road linking both Lagos, the commercial capital of the country to other part. In
addition to the higher volume, the vehicles speeds are always reduced around this location because
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of the traffic gridlock always experienced as a result of the haulage vehicles negotiating entrance
into or exit of the sub-parks within the haulage park. Though the vehicle activities in S1 are the same
as those in S4, the higher particulate levels in S1 could be attributed to the higher traffic volumes
experienced by S1 than S4.
Sampling locations S2 and S3 are sub-parks within the haulage vehicle park with varying number of
vehicles. They have higher number of vehicles than that of S4 but lower than that of S1. This might
be responsible for the lower mean particulate concentrations in these two locations when compared
to that of S1 but higher than that of S4.
The 24-hr averaging period extrapolated TSP concentrations in all the sampling locations follow the
same trend in magnitude as the measured concentrations. While S4 has the minimum concentration
S1 has the maximum.
Summarized in Table 3 are the mean meteorological parameters measured at the various sampling
locations in the area during the study. These were 34.5 – 68.4% with an average of 52.2%, 28.4 –
35.7 oC with an average of 32.3 oC, and 0.3 – 1.0 m s-1 with an average of 0.8 m s-1 for relative
humidity, temperature and wind speed respectively. While the fairly high temperature in the area
might have aided particulate suspension from the dried unpaved floor of the park, the relative
humidity could have supported retention of these particulates in the atmosphere. Though its North-
East prevailing wind direction  places the control point at the downwind of the haulage park, the
observed low wind speeds could not have had strong influence on particulate concentrations - thus
taking little or no particulates from the park- to the control point.
Table 3. Meteorological Parameters of the study Area during the Study
Level Temperature(°C)
Relative
Humidity
(%)
Wind Speed
(m s-1)
Wind
Direction
Minimum 28.4 34.5 0.3 NE
Maximum 35.7 68.4 1.0 NE
Mean 32.3 52.2 0.8 NE
When compared with the 24-hour averaging period national ambient TSP standard in Nigeria, it was
observed that the extrapolated 24-hour averaging period TSP concentration in S1 breached the
standard in all the three monitored days but in S2, the standard was breached in two of the three
monitored days. However in the other three locations, in none of the three days was the standard
breached by the extrapolated concentrations. Averagely, this limit was breached in both S1 and S2
only. As earlier indicated the higher traffic volume coupled with heavy traffic gridlocks around S1
could be the reason for the trend observed there. Since S2 is just about 0.5 km from S1, these same
reasons might be why there was a breach of the 24-hour averaging period national ambient
particulate standard at this location. Similarly using the WHO lower (150 μg m-3) and upper (230 μg
m-3 ) 24-hour averaging period set limits for particulates, the trend in breach of the upper limit is as in
Nigeria’s standard breach where the limit was breached in only sampling points S1 and S2. The
lower limit was breached at sampling point S3 in addition to these two locations. However when
compared with the World Bank 24-hour averaging period 80 μg m-3 limit, the extrapolated 24-hr
averaging period concentrations of TSP breached this limit in all the sub-parks both by all the
monitored days extrapolated concentrations and the mean concentrations. At the Control Sampling
point, none of these limits was breached by the 24-hour extrapolated TSP concentrations.
As summarized in Table 4, the computed toxicity potential at the park’s sampling points ranged
between 0.58 and 1.92 using the Nigeria’s 24-hour averaging period national ambient particulate
limit but when the lower limit of the WHO was used, it was 0.97 – 3.20 and 0.63 – 2.09 using its
upper limit. The World Bank limit gave TP ranging between 1.81 and 6.00.
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Table 4. Computed Toxicity Potential from the Measured TSP Levels during the Study
Sampling
Location
TPFMENV TPWHOlower
limit
TPWHO
upper
limit
TPWorldBank
S1 1.92 3.20 2.09 6.00
S2 1.16 1.94 1.26 3.63
S3 0.67 1.12 0.73 2.11
S4 0.58 0.97 0.63 1.81
S5 0.58 0.97 0.63 1.82
Cp 0.11 0.18 0.12 0.33
The minimum toxicity potential from all the standards considered were 0.58 – 1.81 with the
maximum levels of 1.92 – 6.00. As the trend in the measured and 24-hour averaging period
extrapolated particulate concentrations, the minimum toxicity potential was at S4 for all the
regulatory standards while the maximum was at S1. The reason for this trend might be as earlier
adduced for the measured particulate levels. At the control sampling location, the toxicity potential
was 0.11 – 0.33 for all the standards.
As indicated above, TP above unity poses great health challenges to the inhabitants of the airshed
where such is obtained. The highest TP at S1 which is at the median of the highway on which the
investigated vehicle haulage park is located calls for major concern since every commuter along the
very important road will pass through this airshed. The traffic gridlock being daily experienced along
this road around S1 makes it more important for adequate attention to be given to this location so as
to reduce the period commuters will be exposed to this degraded air quality. Since diesel vehicle
engines contribute significantly to ambient concentration of particulate pollutant (Xing et al., 2012)
reduction in gridlock around this section of the road may reduce the TP. Similarly on S2 which is just
about 0.5 km from S1, the next highest TP range in order of magnitude from all the five sampling
locations occurs here. This indicates that commuters along the road in a stretch of about 1 km
between kilometer 57 and kilometer 58 of the 3 km section of the highway occupied by the haulage
vehicle park could be exposed to degraded air quality using particulate as indicator.
Though the TP in sampling point S3 comes next to that of S2 in order of magnitude, its TP using the
Nigeria’s particulate standard is less than unity. At S4 and S5, the TP becomes significant only when
the World Bank limit is used in computation. Since TP at the control point were far below unity, this
might confirm that the presence of the haulage vehicles and their activities around the investigated
park were the reason for the elevated particulate level around this park thus establishing the danger
of degraded air quality in the airshed of haulage vehicles especially with associated traffic gridlock.
Figure 2 shows the percentage contribution of each of the sampling locations to the overall TSP
level of the airshed around the park. This range between 12 % and 39 % with sub-parks S4 and S5
the least contributors (12 %) while S1 is the highest contributor (39 %). The variations in particulate
levels observed at the different sampling locations could clearly be attributed to difference in
volumes of haulage vehicle activities at the park. Since S1 and S2 occupies a stretch of about 0.5
km of the highway on which the park is located, 62% contribution from these two locations confirms
the earlier observation that traffic gridlock around this location of the highway should be minimized if
not totally eliminated so as to reduce the exposure of commuters to high particulate levels on the
highway.
Figure 2. Percentage Contribution of Sub-Parks to the Park’s TSP
S1
39%
S2
23%
S3
14%
S4
12%
S5
12%
472 FAKINLE et al.
CONCLUSION AND RECOMMENDATION
The GT 331 Aerosol mass monitor was used to monitor the 8-hour averaging period total suspended
particulate concentrations in the airshed of a haulage vehicle park at Ogere, Nigeria. The 24-hour
TSP concentrations for the designated locations were extrapolated from the measured concentration
for the purpose of assessment.
The result of the study indicated that transport-related emissions contribute significantly to the TSP
level of the ambient air of the haulage vehicle park with possible health impact on humans at the
host environs. The 8-hour measured TSP concentrations in the airshed ranged between 197.07 –
653.28 μg m-3 with an average of 334.52 μg m-3 while its 24-hour extrapolated levels were 145.53 –
480.29 μg m-3 with an average of 245.94 μg m-3. At the control point they were 36.23 and 26.64 μg
m-3 respectively. The TSP concentrations in all the designated sampling points within the haulage
vehicle park breached the World Bank and WHO (lower limit) permitted limit while the FMENV TSP
standard was breached at 40% of the sampling locations. The TSP concentration at the median of
the dual carriageway was significant as compared to other sampling points which was attributed to
the location of this point relative to the others and its high traffic volume. At the control point none of
the set standards was breached.
The toxicity potential exceeding unity at some of the designated points calls for concern most
especially for people in sensitive categories (young and age people as well as people with
respiratory diseases). It is recommended that human activities in this area be regulated.
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